Background--The Institute of Medicine has called for actions to understand and target sex-related differences in care and outcomes for out-of-hospital cardiac arrest patients. We assessed changes in bystander and first-responder interventions and outcomes for males versus females after statewide efforts to improve cardiac arrest care.
I
n 2015, the Institute of Medicine called for actions to improve care and outcomes for out-of-hospital cardiac arrest patients, including understanding and targeting disparities across demographic subgroups. 1 Multiple studies highlight differences in care between women and men treated for cardiac arrest, with evidence suggesting that women have poorer outcomes.
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Inherent differences related to patient and cardiac arrest characteristics can help explain these sex-based differences. For example, women with out-of-hospital cardiac arrest are more likely to have advanced age, chronic health comorbidities, noncardiac etiology, unwitnessed cardiac arrest, and initial nonshockable heart rhythm, and to live alone, all of which have been associated with worse outcomes. 2, 5, [8] [9] [10] [11] While these characteristics are important to understand differences in outcomes, they are unlikely to be modifiable. In contrast, sexrelated differences in interventions that may highly impact survival, such as bystander or first-responder resuscitation efforts, are presumably modifiable. Recent European studies found that female sex was associated with lower rates of bystander cardiopulmonary resuscitation (CPR) and early defibrillation, even among witnessed cardiac arrests. 2, 5, 12, 13 It is unclear whether such differences also exist in contemporary US cardiac arrest populations. In 2010, the HeartRescue project was initiated in North Carolina to improve care and outcomes for out-of-hospital cardiac arrest patients. The project included statewide efforts targeting the full spectrum of the links in the chain of survival. 14, 15 These interventions were associated with increased bystander CPR, first-responder defibrillation, and overall survival. However, it is unknown if these changes have translated into improved bystander and first-responder interventions and outcomes for both women and men. 16 The aim of this study was to examine temporal changes in bystander and first-responder intervention and how these changes were associated with survival in men compared with females in North Carolina from 2010 to 2014.
Methods

Data Source
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure because of data protection rules.
The CARES (Cardiac Arrest Registry to Enhance Survival) registry is a voluntary, prospective clinical registry of patients with out-of-hospital cardiac arrest in the United States, established by the Centers for Disease Control and Prevention and Emory University for public health surveillance and continuous quality improvement. 17, 18 The registry includes all patients with a confirmed out-of-hospital arrest (defined as pulseless and unresponsive) for whom resuscitation is attempted, including those with termination of resuscitation before hospital arrival. Data are collected prospectively from emergency medical services (EMS) agencies and receiving hospitals and entered in the database. Every record is reviewed for completeness and accuracy by a CARES analyst. 17 In North Carolina, participating EMS agencies receive training, quality control, and data feedback, and establishing this process was one of the HeartRescue interventions. The physical location of each cardiac arrest was assigned on the basis of the address of the cardiac arrest, and ArcGIS 10.2 software (ESRI, Redlands, CA) was used to geocode each incident location to the street address level. The geocoding process assigns a latitude and longitude coordinate to each address. A 97% geocoding rate was achieved. Nongeocoded records included post office boxes and other nonphysical locations. This process verified the county in which each cardiac arrest occurred.
Study Population and Setting
To reduce the chance that our results were driven by changes in reporting, we included only counties with complete registry enrollment and thus complete county-wide case ascertainment during 2010-2014 (counties where cases were reported to CARES during the whole study period), as done previously. 16, 19 Thus, the study population included all out-of-hospital cardiac arrests from 16 counties in North Carolina, covering a total population of %3 million inhabitants (30% of the total state population) with demographics varying from urban to rural areas. Following the Utstein guidelines for reporting cardiac arrest, the study population included cases of cardiac arrest with presumed cardiac cause and ≥18 years of age during 2010-2014 and excluded cases witnessed by a 911 responder or with "do not resuscitate" orders. 20 Because patient sex was the main interest in this study, we excluded cases with missing sex. All EMS agencies included in this study had 2-tiered response systems with first-responders equipped with automated external defibrillators.
21
The HeartRescue Project in North Carolina
As part of a multistate initiative, the North Carolina HeartRescue project initiated a multifaceted, statewide
Clinical Perspective
What Is New?
• This study found that following statewide, multifaceted interventions to improve care and outcomes for cardiac arrest patients, women did not enjoy any temporal improvement in outcomes, even though bystander cardiopulmonary resuscitation and the combination of bystander cardiopulmonary resuscitation and first-responder defibrillation increased for both women and men.
• Further, sex differences in outcomes were mainly associated with non-modifiable factors (patient age, sex, first recorded heart rhythm and whether the cardiac arrest was witnessed).
What Are the Clinical Implications?
• In addition to improving bystander cardiopulmonary resuscitation and early defibrillation, other strategies may be necessary to improve survival among female cardiac arrest patients.
quality-improvement program in 2010. 15 The protocol is publicly available and the project has previously been described in detail. 16, 22 In short, it included interventions for community members (widespread compression-only CPR training and automated external defibrillator use), EMS medical dispatchers (training in recognition of cardiac arrest, dispatch-assisted CPR, and implementation of protocols to transport certain patients to specialized centers), first responders (in team-based CPR, including automated external defibrillator use and highperformance CPR), and hospital administrators and staff (establishment of protocols for primary percutaneous coronary intervention for ST-segment elevation myocardial infarction, target temperature and hypothermia management, and goaldirected intensive unit care neurorehabilitation).
Definitions
First responders were defined as personnel who responded to the medical emergency in an official capacity as part of an organized medical response team, but who were not the designated transporter of the patient to the hospital, in accordance with the CARES registry. 21 First responders in this study were mainly firefighters and also could include police officers and rescue squad or lifesaving crew dispatched by emergency dispatch centers and trained to perform basic life support until arrival of the EMS. As defined by the Utstein guidelines, bystanders were other people who were present and intervened but not dispatched by the emergency dispatch center. 20 Favorable neurological outcome was measured by cerebral performance category 1 or 2, with 1 representing full recovery or mild disability and 2, moderate disability but independent in activities of daily living. 23 Modifiable factors were defined as factors that, in theory, could be altered by public health or organizational initiatives/interventions to improve care and outcomes for out-of-hospital cardiac arrest patients. In this study, we chose to focus on bystander and firstresponder intervention (CPR and/or defibrillation). Nonmodifiable factors were defined as patient/arrest characteristics that cannot be altered by any public health interventions or improvements in systems of care (age, witnessed status, initial heart rhythm).
Outcome Measures
The main outcome measures were survival and survival with favorable neurologic outcome.
Statistics
For continuous data, mean and standard deviation, or median and interquartile range, were calculated, as appropriate. Proportions were calculated for categorical data. The Fisher exact test or v 2 was used to test for statistical significance for categorical data. Temporal trends for categorical data were assessed using the Cochran-Armitage trend test for trends across ordered groups (by year). Analyses regarding the combination of efforts from bystanders, first responders, and EMS (CPR and defibrillation) included only patients who were defibrillated before hospital arrival. Logistic regression models were used to examine how differences in prehospital interventions were associated with survival and favorable neurologic outcome for men and women from 2010 to 2014. Interaction terms were included to assess whether changes in outcomes significantly differed for men and women. Preliminary analyses showed that change in outcomes across years (2010-2014) was best captured as a quadratic function. To account for the greater increase in survival for men compared with women over time, all logistic regression models included interactions between sex and time (ie, year and year 2 ).
All results are presented as predicted probabilities with 95% confidence intervals (CIs). Logistic regression analyses were performed in 3 steps: (1) unadjusted; (2) adjusted for nonmodifiable factors (age, witnessed status, and rhythm); and (3) adjusted for nonmodifiable and modifiable factors (bystander CPR and defibrillation before EMS). To examine these changes in a more homogenous population, we included an additional analysis subsetting on patients with a first recorded shockable heart rhythm. A P value of <0.05 was considered statistically significant; all statistical tests were 2-sided; adjusted results should be interpreted in context of lack of adjustment for multiple comparisons and, thus, are exploratory rather than confirmatory. P values were reported for linear and quadratic terms when appropriate. All analyses were performed using SAS versions 9.2 and 9.4 (SAS Institute, Cary, NC) and Stata version 13.0 (StataCorp, College Station, TX).
Ethics
The Duke University Medical Center Institutional Review Board for analyses and publication of the findings approved the current study. A waiver of the requirement for written informed consent and Health Insurance Portability and Accountability Act authorization was granted on the basis of (1) using existing central CARES registry data and under existing waivers of consent for CARES under the HeartRescue project and (2) using aggregated and limited data.
Results
Cardiac Arrests
The final study population comprised 8100 cardiac arrests ( Figure 1 ) and 38.1% were women. The proportion of women versus men was stable throughout the study period. Women were older and less likely to have an initial shockable heart rhythm or witnessed arrest. During 2010-2014, patient and cardiac arrest characteristics did not change significantly for men or women, except for a decrease in age for women (from 71 to 69 years, P=0.04) and an increase in the proportion of cardiac arrests in public for both sexes (P<0.0001 for women, and P=0.002 for men; see Table S1 ).
Overall Sex-Related Differences in Shockable Heart Rhythm According to Witnessed Status and Bystander CPR Changes in Prehospital Interventions According to Sex, 2010-2014 Table 1 shows prehospital interventions according to sex during the study period. From 2010 to 2014, bystander CPR increased for both patient groups: for men from 40.5% to 50.6% and for women from 35.3% to 51.8%, P for each <0.0001. From 2010 to 2014, the combination of bystander CPR and first-responder defibrillation increased for both men (from 15.8% to 23.0%, P=0.007) and women (from 8.5% to 23.7%, P=0.004). Among those who were defibrillated, women had overall longer median time from collapse to defibrillation (13.4 versus 11.1 minutes, P<0.0001) compared with men. Women were also more likely to be defibrillated by EMS (53.1% versus 47.5%, P for difference 0.007) compared to first-responder defibrillation, and this did not change significantly across years. Table 2 shows observed outcomes according to sex from 2010 to 2014. A substantial and similar increase in return of spontaneous circulation was observed for both men and women, while hospital admission increased significantly only for men. From 2010 to 2014, the increase in observed survival and favorable neurologic outcome was significant only for men (P for interaction: survival to discharge=0.002, favorable neurologic outcome=0.009). Figure 2 , Table 3 , Figure S1 , and Tables S2 and S3 show results from multivariable logistic regression models assessing the association between outcomes and year (2010-2014) for men compared with women. Results are presented unadjusted and adjusted for modifiable factors and nonmodifiable factors. The predicted probability of return of spontaneous circulation increased similarly for men and women. Unadjusted, return of spontaneous circulation was initially lower for men, but the gap was narrowed during the study period and was consistently higher for women in adjusted models. The predicted probability of survival to discharge increased significantly only for men and was lower for women in unadjusted models. After adjusting for nonmodifiable factors, the predicted probability of survival to discharge was higher for women, and adjusting for modifiable factors did not substantially change the results. Figure 1 shows the unadjusted predicted probability of survival with favorable neurologic outcome for all patients ( Figure 1A ) and including only patients with a shockable heart rhythm as first recorded rhythm ( Figure 1B) . Overall, the predicted probability of survival with favorable neurologic outcome increased more markedly for men compared to women from 2010 to 2014. Unadjusted, the predicted probability of survival with favorable neurologic outcome was higher for men (from 6.5% [95% CI, 5. When subsetting the analysis to a more homogenous population of patients with a shockable heart rhythm as the first recorded rhythm, outcomes were largely unchanged for females but improved for males (although the difference in increase was not statistically significant).
Discussion
This study of out-of-hospital cardiac arrest patients in urban and rural areas in North Carolina aimed to assess sex-related differences in bystander and/or first-responder intervention from 2010 to 2014 and how these differences related to outcomes. The study had 4 main findings: (1) rates of bystander-initiated CPR and the combination of bystanderinitiated CPR and first-responder defibrillation increased for both men and women; (2) observed rates of survival and favorable neurologic outcome were consistently higher and increased more for men than women; (3) after taking nonmodifiable sex-related differences into account (age, witnessed status, and initial heart rhythm), survival was slightly higher for women compared with men, but increased substantially more over time for men compared with women; and (4) modifiable prehospital factors (bystander CPR and defibrillation before EMS arrival) did not seem to explain the sex-related differences in outcomes. Taken together, these findings indicate the lower survival observed in women may mainly be related to nonmodifiable prehospital factors, and thus increasing survival for female patients may require alternative treatments to those in current use (including bystander CPR and early defibrillation). Our novel findings may contribute to better understanding differences in outcomes between women and men suffering a cardiac arrest. In particular, our results may have implications for how to address sex-related differences in order to increase survival for both men and women. It has previously been suggested that lower rates of survival in women could be attributable to lower rates of bystander CPR, which our study does not support.
2, 12 The limited increase in overall survival in women compared with men despite the significant increase in bystander CPR and the combination of bystander CPR and first-responder defibrillation may be partly attributable to the substantial proportion of female patients with nonshockable heart rhythm. However, even among women with a shockable heart rhythm, survival was largely unchanged for women but increased for men. The limited increase in survival among women may also be related to different underlying pathophysiology of cardiac arrest. In our study, women were less likely to have a shockable heart rhythm even when subsetting the analysis to patients with a witnessed arrest and bystander CPR, indicating a different underlying pathophysiology of cardiac arrest. The vast majority of men suffer cardiac arrest because of coronary artery disease and acute myocardial infarction, whereas women are more likely to have other underlying pathophysiology such as cardiomyopathies. 9 The mechanism of cardiac arrest in the absence of an acute myocardial infarction is believed to be an electric event caused by ventricular arrhythmia in the setting of a chronically diseased heart, which is more likely to occur among women who are typically older and have more comorbidities. 2 This is supported by our finding that even among those with an initial shockable heart rhythm, the increase in survival was more limited for women compared with men (although this difference was not statistically significant). We found that the proportion of patients achieving return of spontaneous circulation increased similarly for men and women, while the proportion admitted to the hospital increased significantly for men and did not increase significantly for women. Return of spontaneous circulation can be viewed as a proxy measurement of prehospital care, and thus the increase in bystander CPR and first-responder defibrillation may have translated into the observed increase in return of spontaneous circulation. However, for women, these improvements seem to be attenuated in the transition from the prehospital setting to hospital admission. Previous studies have suggested that prehospital treatment strategies (early CI indicates confidence interval. *P value for significant interaction between sex and year <0.05 (significant difference in change in survival for men vs women across years).
CPR and defibrillation) may be more suited to male patients with initial shockable heart rhythm. [24] [25] [26] Although bystander CPR has been associated with improved outcomes among patients with nonshockable heart rhythm, survival in this population is markedly lower and limited increase in survival has been shown following improvements in prehospital treatment compared with those having a shockable heart rhythm. [24] [25] [26] Thus, as most cardiac arrest patients have a nonshockable heart rhythm and this proportion has been increasing consistently over time, the lack of treatment response in this population poses a challenge for increasing overall survival after cardiac arrest not only in women but in the majority of cardiac arrest populations. 27 Thus, alternative prehospital and hospital therapies may be needed to improve survival in this growing population. Finally, the lower increase in survival among women could be also partly attributable to longer time to defibrillation compared with men. This may be because women were consistently less likely to be defibrillated by first responders, although there was an increase in the combination of bystander CPR and first-responder defibrillation over time. It is not clear why first responders were less likely to defibrillate female patients. This could be because other diagnoses are more likely considered when women collapse such that the initial dispatch complaint is less often a cardiac arrest. First responders arriving at the scene would then be unprepared and take more time to apply the automated external defibrillator. Wissenberg et al found that women were less likely to receive bystander CPR, even more so in public areas, and hypothesized that this could be attributable to higher hesitation to undress women or because people were less likely to associate female collapse with cardiac arrest.
2 A qualitative research design could provide insight into sexrelated differences in treatment and may be considered for future studies seeking to describe such differences. 28 
Limitations
This study has several limitations. The study design requires that inferences based on outcomes must be made with caution and the relationships indicated between factors should be viewed as associations and not cause and effect. Notwithstanding, high data quality was pursued through prospective and uniform data collection through the CARES registry, following Utstein guidelines for reporting cardiac arrest. 20 We included data from only selected counties.
Although there may be differences in geographic and cardiac arrest characteristics between the included and excluded counties, we were able to pursue complete case ascertainment, thus reducing the risk of bias because of changes in reporting over time. 16 Also, population and cardiac arrest characteristics in the included counties are similar to other cardiac arrest populations, indicating at least some degree of generalizability. 2, 5, 8, 29 We do not have information on several important factors (also modifiable factors) that may influence outcome such as quality of CPR given, type of CPR (compression-only CPR versus conventional), percentage of dispatcher-identified cardiac arrests, or time from collapse to administration of CPR and defibrillation, as well as other possible modifiable factors that were not specified in the present study. However, our study was not designed to assess causality, and the relationship between bystander and firstresponder intervention and outcomes should be viewed as associations and not causal effect.
Conclusion
Bystander CPR and the combination of bystander CPR and first-responder defibrillation increased for men and women, but outcomes improved significantly only for men. Sex differences in survival were mainly associated with nonmodifiable factors (age, witnessed status, and initial heart rhythm). In addition to improving bystander CPR and early defibrillation, other strategies may be necessary to improve survival among female cardiac arrest patients. Percentages of patients who received temperature management therapy are relative to patients who were admitted to hospital ward (males=1,197, females=772), missing values n (%), males: 89(6.9), females 50 (6.5). § Percentages of patients who received angiography are relative to patients who were admitted to hospital ward with 24/7 PCI capabilities (males=828, females=481). Missing value, n (%): males 320 (27.9), females 202 (29.6) Results from logistic regression analyses including the interaction between sex and year. Preliminary analyses showed that change in outcomes across years (2010-2014) was best captured as a quadratic function. To account for the greater increase in survival for men compared with women over time, all logistic regression models included interactions between sex and time (i.e., year and year 2 ). 
